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ABSTRACT 


Fruits and vegetables processing equipments are very well used and needed for every type of industry nowadays. 
Processing of the fruits and vegetables is important for their use for direct consumption or as a food ingredient. During 
processing, the emphasis is there on preserving the color, taste, texture and nutrition of the food product with improvement 
in its shelf life. Some of the basic processes used in the processing industry are grading, freezing, washing, peeling, slicing, 
size sorting and reduction, canning, packaging, dehydration etc. In the selection of the processing method that can be used 
in a particular situation, the type of produced outcome, the cost associated with it and the market demand of the produce, 
all are considered. Hence, the aim of the present paper is to study and analyze the factors that play a crucial role in 
designing and development of different equipments that can be used for the processing of fruits and vegetables of different 


types and for different applications. 
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INTRODUCTION 


The major horticulture products i.e. fruits and vegetables, along with being consumed raw, can also be used as ingredients 
for subsequent food processing operations. The quality of the food products obtained after processing depends significantly 
on the type of processing equipment being used. Due to the variety of processing methods and food products, many 
different specialized unit operations have been developed overtime in the food processing industry. So, an ample choice is 
available in the food processing equipments in the market both for the application of small as well as large industries 


(Terefe et. al, 2014). 


During processing, the main aim of the process is always to preserve the color, flavor, texture and nutritional 
value of the food material that is being processed in any way, improving its time till which it can be stored and used 


(Saravacos et. al, 2002). While making the selection of the processing method, the factors that are considered are: 
e Type of the final product expected or required. 
e Cost associated with the implementation of the method. 


e Demand of processed product in the market. 
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Some Basic Processes for Fruits and Vegetables: 
e = - Peeling 
e = Slicing 
e = Size reduction 
e = Size sorting 
e Washing and cooling treatments 
e Dehydration 
e = Freezing 
e Canning etc. 


The processed foods usually go through one or many independent unit operations for food processing before 
becoming the final product for consumption (Gomez et. al, 2011). With fast modernization in the technologies, more 
specialized and technically advanced equipments can be designed that can also perform multi-unit operations, thus 


enhancing their performance. 


Some of the advanced technologies that are used in different types of processing of fruits and vegetables (Martin- 


Belloso et. al, 2010) are: 
e High pressure processing (HPP) 
e Electrical impedance spectroscopy (EIS) 
e =6Vacuum frying 
e Hurdle technology 
e Ohmic heating and others. 


The deployment of any of these technologies depends solely on the above mentioned factors both in the large 


scale as well as small scale or home based industries. 
LITERATURE REVIEW 


Dar et. al (2020) in their research analyzed various methods for processing fresh fruits and vegetables that will be helpful 
to retain the quality parameters of the product. Some of them include washing the sample with hydrogen peroxide, organic 
acids, ozone and warm water. Also, use of anti-microbial edible coatings and controlled environment for packaging has 
increased the shelf life of fruits and vegetables. But loss of nutritional value undoubtedly takes place during processing and 
storage of fresh fruits and vegetables. Hence, need is there to design and develop food processors so as to retain the 


nutritional, organoleptic and shelf-life stability of FFVs. 


Sarkar et. al (2019) in their study listed out the different processing methods and equipments that are being used 
by the small scale industries. Some of the common processing methods used by the handlers of the small scale enterprises 


include drying, juicing, freezing, pickling in acid or salt, canning, bottling etc. Many types of equipment based on different 
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technologies are available in the market for the same intended task. Their choice depends entirely on the type of the 


outcomes desired from the sample and the involved budget of the enterprise. 


Lok et. al (2013)developed an integrated grating and slicing machine for the starchy vegetables like potatoes, 
lentils etc. The purpose of this machine was to increase the productivity by reducing the cost, time and number of 
independent unit operations. The final design of machine was found to have the production range of 750 to 1200 kgs per 


hour for grating and 250 to 400 kgs per hour for slicing. 


Londhe et. al (2013) in their study reviewed different methods of grading for fruits and vegetables. In India, most 
of the fruit growers carry out the process of grading manually. But it was costly and was affected by outside factors like 
shortage of labor in peak season. Also, it was considered to be inconsistent, less efficient and more time consuming. So, 
now the farmers are looking forward to machines that can alleviate the labor shortage, save time and improve the quality of 
the graded product. The variation in sizes of the fruits and vegetables demands for grading based on size, which consists of 


divergent roller type principle having parts of the equipment for inclination type graders. 


Sonawane et. al (2011) designed and developed a power operated banana slicer for small scale food processing 
enterprises. It was developed based on the engineering properties of different varieties of banana, namely Nendran and 
Dwarf Cavendish. The slicer was found to have a slicing efficiency of about 94 % with an effective capacity of about 100 
kgs per hour. The sliced product had a mean thickness of about 2 mm and mean roundness was about 0.84 and 0.70 for 


both the varieties. 
MATERIALS AND METHOD 


The present paper is a quantitative research for which the information has been gathered from studies of different authors like 


Londhe et. al (2013), Sonawane et. al (2011), Martin-Belloso et. al (2010), Evrendilek et. al (2012), Dar et. al (2020) etc. 


For the process of slicing, some independent and dependent variables are there which act as parameters to test the 


design of a particular machine. 
e Independent Variables: Type of material to be sliced and Revolutions per minute (RPM). 


e Dependent Variables: Capacity of machine, breakage percentage, slicing efficiency, Mechanical loss, 


Performance efficiency, Roundness index, Effective capacity etc. 


Here we have taken one such method of processing of bananas i.e. the battery operated banana slicer. The average 
capacity requirement for any small scale manufacturer is about 80 kg per hour. Hence, the rotary banana slicer is so 
developed for the intended purpose. On the basis of engineering properties of banana, the major components of the slicer 


device are follows (Sonawane et. al, 2011): 


e Feeder Assembly: Consisting of feeding chute, push plate, its attachments and push rods. 6-9 bananas can be 


accommodated at a time with the length of the feeding chute to be 350 mm and that of push rod to be 230 mm. 


e Cutter Assembly: Consisting of cutter plate, blades and ledger plates. Blades are made up of stainless steel for 


more hygiene. The length of the blade to be 115 mm and its thickness as 3 mm. 
e Power Transmission Assembly 
e Prime mover: Powered by 0.373 kW single phase electric motor. 
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Figure 1: The Dimensional Details of the Feeder of Banana Slicer. 
RESULTS AND DISCUSSION 


The device works well for the two known varieties of the banana i.e. the Nendran and the Dwarf Cavendish. The efficiency 


of the developed power operated rotary banana slicer has been calculated using following equations: 


e Slicing Efficiency: The efficiency of slicing of a machine can be determined in percent using the following 


expression (Sonawane et. al, 2011): 
Slicingef ficiency = wr 100 
T 


Where, W, is the mass of total slices and W, is the mass of damaged slices in kg. The banana slicer was found to 


have the efficiency of 93-94 % with the machine speed of 360 rpm. 


e Capacity of the Machine: The operating capacity is the amount of slices produced per hour by the machine. It 
includes the time for feeding, compressing and cutting as well. Also, the effective capacity of the machine can be 


calculated using the expression (Sonawane et. al, 2011): 


OCxslicingef ficiency 
100 


Ef fectivecapacity,kg/U = 


Where, OC is the operating capacity in kg/h and slicing efficiency is in per cent. The banana slices of our study 
has a working capacity of about 100 kg/hour with the 3-blade cutter made of stainless steel and best suited for the 


requirements of small scale processing industry. 


e Roundness Index: This index defines the sharpness of the irregular shaped solid material and is used for the 


round-shaped slices only. It can be calculated using the expression (Sonawane et. al, 2011): 


A 
Roundness = 4 
Ac 


Where A, is the largest projected area of the particle and A, is the area of the smallest circumscribed circle in m’. 


In our case, the chip size with average roundness of 0.84 and 0.70 for Nendran and the Dwarf Cavendish 


respectively is obtained at moderate operating speed. 


Also, it has been seen that the thickness of the slice affects the quality of the chip produced; which is found to be 
uniform for both the varieties with maximum deviation of +0.2 mm. On the financial analysis of all the machinery parts and the 


raw materials used, the overall cost of developed banana slicer was found to be more economical and efficient than the others. 
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Figure 2: Banana Slicer Front and Side View. 


CONCLUSIONS 


In the changing scenario and with the consumer becoming more aware and demanding towards the products for their 
consumption and use, even the fruits and vegetables need a fair amount of processing which can be in any form, may be its 
grading, peeling, slicing, canning, sorting or any other. Processed foods have got an edge over the raw ones in terms of 
demand and value in the market. So, it is very important to design and develop processing equipments wisely so that 
maximum returns can be achieved out of them with minimum investment in terms of operating capacity, processing 
efficiency and cost associated with it so that the intended objective of the industry can be achieved to move hand in hand 


with the current times. 
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